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Introduction

Despite advances in the technologies for the diagnosis and treatment of breast cancer, strategies
for the prevention of this disease are poorly defined. However, one fundamental concept arising
from recent studies of mammary gland biology is the understanding that the processes involved
in normal mammary development and carcinogenesis are intrinsically related (1). One of the
most frequently cited examples of this principle is the protective effect of an early full-term
pregnancy against breast cancer. There is strong epidemiological evidence that women who
experience a full-term pregnancy early in their lives have a significantly reduced risk of
developing breast cancer (2, 3). This is substantiated by studies in a rat model in which prior
treatment with estrogen and progesterone, (to simulate the effects of pregnancy) confers
resistance to tumorigenesis in animals subsequently challenged with chemical carcinogen (4-12).
The E+P-treated rat is thus a well-established model to study the effects of parity-induced
protection against mammary cancer. In spite of this fact, little is known of the specific
mechanisms governing pregnancy-specific developmental changes in the mammary gland. In
this respect, the elucidation of novel targets for estrogen and progesterone action in the
mammary gland, is crucial to our understanding of how an aspect of normal development might

mediate the response of the organ to future proliferative signals.

To address this question, we have used the well-characterized Wistar-Furth rat model
(described previously, 4), in conjunction with subtractive suppressive hybridization (SSH)
methodologies (13) to identify markers that are persistently up-regulated in response to prior
exposure to E and P in the mammary gland. As a result of these initial studies, we selected
several specific markers to study in greater detail to investigate their role in relation to parity-
related protection. To achieve this goal, we proposed to use mRNA expression analysis to study
the temporal and spatial expression of each candidate biomarker, to evaluate their role as a
function of reproductive history in relation to both differentiation and parity-related protection of
the mammay gland. Furthermore, since the role of many of these markers has not yet been
described in the mammary gland, we described experiments to further elucidate their function in
relation to parity-related changes within the gland. In part, this approach will involve the use of
novel retroviral transduction methods to overexpress the gene of interest in a parity-independent

manner in the reconstituted mammary glands of recipient animals. If this approach is succesful,




then we have proposed experiments to investigate the influence of overexpression of a gene of interest

in relation to protection against tumorigenesis following carcinogen challenge.

Report Body
a) Summary of research objectives
The specific objectives of this project, described in the original proposal are listed below:

Objective 1: To characterize the role of candidate biomarkers and to investigate their expression
in the rat mammary gland:

a) To determine their temporal and spatial pattern of expression in the rat mammary gland.

b) To determine whether these candidate genes are markers of differentiation, per se or of
protection.

Objective 2: To investigate the function of candidate genes in vivo:

a) To investigate the function of GB7 and to determine its role during normal cellular processes
b) To investigate the function of GB7, RbAp and Napl1 in reconstituted mammary glands

¢) To determine the role of systemic factors on parity-induced changes in the mammary gland.

Many of the experiments described in objective 1 of the proposal have been completed, and the
results published in a peer-reviewed article in November, 2001 (14). In situ hybridization
analysis was used to determine the spatial expression of G.B7 and RbAp46. The same approach
was also used to determine the effect of perphenazine treatment on the expression of these two
markers. A quantitative reverse-transcriptase PCR method has been developed to examine the

temporal expression of these markers in the rat mammary gland.

The experiments described in Objective 2 are in progress. However as you may be aware, the
Tropical Storm that struck Houston in June 2001 caused significant impairment to researchers at
Baylor. This included not only closure of the research facilities in the immediate aftermath of
the disaster, but also an extended period of downtime due to the losses incurred as a result of the
disaster. It is estimated that members of our laboratory lost two months of research time due to
the constraints imposed due to lack of access to the research facility, cataloguing, ordering and
attempting to salvage damaged research materials, and waiting for the replacement materials to

arrive before we could recommence work.




b) Results

Objective 1

a) To determine their temporal and spatial pattern of expression in the rat mammary gland.

b) To determine whether these candidate genes are markers of differentiation, per se or of
protection.

In the original statement of work, we proposed to use Northern analysis and in situ hybridization
to investigate the expression of three markers (G.B7, RbAp46 and Napl) at different stages of
development in the rat mammary gland. In addition, we proposed to use perphenazine treatment
as an experimental paradigm to distinguish the molecular processes involved in protection of the
gland from those that are inherent to pregnancy-related differentiation of the gland. In the
previous Annual Report, we described the use of in situ hybridization analysis to determine the
spatial expression of G.B7 and RbAp46. We also described experiments to recapitulate the effect
of perphenazine treatment in Wistar-Furth rats and the use of in sifu hybridization analysis to
determine the effect of perphenazine treatment on the expression of G.B7 and RbAp46. The
results of this anlysis was also reported in a recent manuscript (14). We also described the
difficulties of detecting low abundance mRNAs such as G.B7 and RbAp46, the necessity of
using PolyA+ RNA for Northern analysis and technical difficulty of isolating sufficient amounts
of poly A+ RNA from mammary glands at different stages of development to satisfy this
requirement.

To overcome these difficulties, we proposed two alternative approaches to enable us to
quantitate the expression of these mRNAs without the necessity of isolating poly A+ RNA (as
described in the previous progress report). In the first case, we proposed to apply the use of
cDNA microarray technology to quantitate the expression each marker at different stages of
development. We begun experiments to investigate the effectiveness of this approach by
constructing a pilot array, containing 96 non-redundant clones from the E+P subtracted SSH
library (including G.B7, Napl and RbAp46), in conjunction with the Microarray Facility at
Baylor College of Medicine. The ¢cDNA inserts of these clones were amplified using the nested
primers in the SSH library backbone, purified by gel filtration chromatography and arrayed using
silanized glass technology by means of the 384 well format array printer in the Microarray Core

Facility. To investigate the effectiveness of this approach, we screened the pilot array with



fluorescently-labeled first strand cDNA probes prepared by reverse transcription of total RNA
isolated from mammary glands of E+P and age-matched virgin (AMV) rats. We conducted these
experiments using a variety of hybridization conditions to determine the optimal conditions for
sensitivity of the detection method. Unfortunately, the results of these preliminary experiments
showed that less that 30 % of the cDNA targets (including those of G.B7, Napl and RbAp46)
could be detected by this method, even though the library from which they were isolated was
constructed from the same E+P RNA pool used for the probe synthesis. We believe that this is
once again due to the inherent difficulties of detecting low abundance RNAs from a relatively
quiescent tissue such as the involuted mammary gland. Accordingly, we began to investigate
alternative methods of probe preparation using indirect labeling with Cy3/CyS or ¢cDNA
amplification to increase the sensitivity of detection. However, in the last year the Microarray
facility at Baylor ceased its array screening services to reevaluate the method of array
production.

As an alternative approach, we decided to apply the technique of real-time PCR analysis to
investigate the expression of these markers at different stages of development, and as a
consequence of protection or differentiation of the gland. This approach has the advantage of
being extremely rapid and sensitive to small changes in the concentration of a reverse-
transcriptase amplified cDNA product. The application of this technique was previously limited
by lack of access to the facilities for performing this analysis and the cost of purchasing
commercial reagents such as the double-labeled fluorescent probes and proprietary amplification
kits required for these experiments. However, recently our department has acquired the facilities
for performing quantitative real-time RT-PCR. Furthermore, a number of recent publications
have described the use of SYBR Green (as opposed to ‘Tagman’ or FRET-based) detection
methods, combined with self-assembled PCR reagents (15, 16). Thus we decided to adapt this
approach to study the expression of candidate markers in the rat mammary gland. So far we
have applied this analysis to the RbAp46, and another potentially interesting marker, Stral3 (17).
Expression of Cytokeratin-8 was used as a normalizing control, to correct for the epithelial
content of mammary glands at different stages of development. Using the human genomic
database sequences (http://www.ncbi.nlm.nih.gov/genome) and a search algorithm to predict
exons by aligning genomic and cDNA sequences (18), we predicted the exon-intron structure of

the homologous rat genes, and then designed mRNA-specific primer pairs. These primers either



spanned an exon-intron boundary, or if this was not possible then the two primers were encoded
by separate exons of the gene of interest. In the latter case, amplification times were shortened
to prevent the amplification of a long genomic fragment. We designed the primers to produce
short amplicons (150-200 bp) to allow rapid cycling conditions, which should also prevent the
amplification of non-specific products. Primers were then rigorously tested by BLAST analysis
to confirm the specificity of the primer sequence and in a standard RT-PCR reaction (using no-
RT and genomic DNA as controls and the same amplification conditions as the quantitative
assay) to ensure the absence of any contaminating genomic products. The resulting amplicons
were analyzed by gel electrophoresis on 2 % agarose gels to confirm specificity of the reaction
and the absence of primer-dimers. Synthetic RNA standards were also incorporated into the
assay to allow absolute quantitative of the levels of the gene of interest (19). Synthetic standards
were generated by in vitro transcription from a vector possessing a T7 promoter adjacent to the
sense strand of the cDNA target. The transcript was quantitated by incorporating trace amounts
of [0*?P] rUTP into the transcription reaction and the transcript analyzed by polyacrylamide gel
electrophoresis to ensure that full-length transcripts are produced. The use of an RNA standard
instead of a DNA standard circumvents any problems due to differences in amplification as a

result of the reverse-transcription step.

The assay was then conducted as a two-step process: the first step involving reverse-
transcription of RNA in a standard thermocycler, and in the second step the reverse-transcription
products were simultaneously amplified and the amplification products detected using an ABI
Prism 7700 Sequence Detection System. Duplicate samples were analyzed in same assay along
with serial dilutions of reverse-transcribed synthetic standard (as described above). At the end of
the reaction, amplification plots were inspected to make sure that none of the templates had been
overloaded, that a single amplification product was produced, and that replicate samples
produced overlapping amplification curves (figure 1). A standard curve was generated by
plotting Cr values for each concentration of standard, versus the number of target molecules in
that reaction. The linearity of the response was examined by calculating the regression
coefficient for the plot (figure 2). As stated above, we have used this approach to examine the
expression of RbAp46 and Stral3 at different stages of development and as a consequence of
differentiation or protection of the gland. We hope to extend these studies to G.B7, using the

recently assembled draft mouse genomic sequence database




(http://www.ensembl.org/Mus_musculus) to predict the exon-intron stucture of this gene in

mouse and rat.
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In the final part of this objective, we proposed to continue to characterize candidate
markers by sequencing and Northern blot analysis. In addition to the data published in our
manuscript in November, we have also sequenced 96 clones from a reverse subtracted (E+P
driver, AMV tester) cDNA library which was constructed and screened using the same approach

described for the E+P subtracted library.

Objective 2
a) To investigate the function of GB7 and to determine its role during normal cellular
processes.

In the first part of this objective, we proposed experiments to determine the function of
GB?7 and to predict its role in normal cellular processes. ~As started in the original proposal and
previous progress report, GB7 is a novel cDNA whose pattern of expression suggests it is an
excellent marker for parity-induced protection. In spite of this fact, we have been unable assign
a function to this marker. In the previous progress report, we described the isolation and
sequencing of full-length clones for this mRNA. We then conducted extensive database analysis
in an attempt to elucidate the function of G.B7; however, this search yielded little further
information other than the identification of a potential human homologue for this gene, which
mapped to a region spanning a known chromosomal break-point associated with a number of
human cancers (20).

Recently, we decided to repeat this analysis with the hope if identifying newly
characterized human ESTs with similarity to G.B7. The full-length G.B7 mRNA sequence
(Genbank Accession # AY035343) was subjected to lower stringency alignment computation
using the analysis algorithms of Pipmaker and Multipipmaker. In the first case, the full-length
rat mRNA sequence was aligned with the sequence of the entire human BAC pertaining to the
region of homology. In the second analysis, sequence from two overlapping rat BACs with
homology to G.B7 were added to the alignment. These additional sequences were added to

strengthen possibility of producing a good alignment, since the first alignment required
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homology between orthologous mRNA and genomic sequences. This analysis was performed in
collaboration with Dr. Monique Rijnkels, a senior postdoctoral fellow in Dr. Rosen’s laboratory.
The results of this analysis confirm the original prediction of a homologous human G.B7
sequence, located on human chromosome 2. Furthermore, it suggested that the putative human
gene is encoded for the most part by a single large exon of 4503 bp and two smaller exons of 147
and 376 bp respectively. This information should enable to predict suitable regions to design
primers for real-time PCR analysis (as described above). Finally, the results of this analysis
showed that a) the G.B7 coding region overlaps with one exon of the ORF of a hypothetical
human gene; and b) that it is close to a predicted imprinted region (22). As we have stated
previously, we believe that this gene may function as a non-translated regulatory RNA (14). In
the last few years, the importance of non-coding RNA genes has grown in recognition, with
more and more examples of this class of molecules being discovered (23). Although this class of
molecules may be of diverse function, there is evidence linking a number of non-coding RNAs
with the regulation of imprinting of certain genes or loci. The fact that the human homologue of
GB7 overlaps with a distinctly separate putative OFR suggests that G.B7 may also play a role in
tissue- or developmentally-specific imprinting. The results of the human genomic database
analysis may, therefore, enable us to design further experiment to investigate the function of

G.B7.

b) To investigate the function of GB7, RbAp46 and Napl in reconstituted mammary glands

The second part of this objective proposed the use of reconstituted mammary gland
experiments to elucidate the function of GB7, RbAp and Nap] in an in vivo context. To achieve
this goal, we have recently developed methods for growing rat mammary epithelial cells in
primary culture and infecting them with a recombinant retrovirus expressing a gene of interest.
In these preliminary experiments, we have tested several retroviral constructs and one lentiviral
construct expressing a p-galactosidase reporter gene to determine the efficiency of the
transduction with different vector systems. MEC were prepared from 96 day old virgin rats and
maintained in culture as previously described (24). After 48 hours of culture, primary MEC

were infected with freshly prepared virus stocks. These stocks were filtered before use to
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remove residual virus particles and a constant volume of each applied to 48 h primary cultures.
After five days of culture, and four rounds of infection, MEC were stained with the chromogenic
substrate for, X-gal, and counterstained with nuclear fast red stain to estimate infection
efficiency. Using the lentiviral vector, we have been able achieve infection of five to ten percent
of the total cell population — measured by the nuclear localization of blue-staining following
incubation of the cultured MECs with X-gal (figure 3). This is five to ten times higher than the
efficiency of infection achieved by conventional retroviral strategies employing, as an example,

the Moloney Murine Leukemia Virus (MMLYV) derived vector pS2.

In subsequent experiments MECs were again cultured for five days, and during that time
subjected to four rounds of infection with the same B-galactosidase-expressing lentivirus as
described above. MECs were then removed from the culture plates, washed several times in
serum-free media and injected into the cleared fat pads of 21 day old syngeneic host animals. As
a control, non-transfected MECs were also injected into the contra lateral gland of two of the
same rats. Eight weeks following transplantation, the recipient animals were sacrificed and the
outgrowths removed and stained with X-gal to detect those resulting from transduced MECs. In
this experiment, two out six outgrowths from the transduced MECs resulted in blue-staining out-
growths, indicating that we can produce transduced mammary outgrowths by this method.

Future experiments will

13




Figure 3: B-galactosidase staining of primary MEC cultures following two rounds of infection with recombinant
lentivirus vector expressing LacZ
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Key Research Accomplishments

e Experiments involving perphenazine treatment have been reproduced in Wistar-Furth rats.

Level of morphological development examined by whole mount analysis, in comparison to
mammary glands for E+P-treated, pregnant and unstimulated control animals. (Objective 1)

e In situ hybridization analysis used to characterize the expression of G.B7 and RbAp46 in
response to pregnancy, hormonal stimulation and perpehnazine treatment. (Objective 1).

| e Screening of rat E+P SSH library complete. Twenty-one markers from this library
characterized by Northern blot analysis to verify their pattern of expression. (Objective 1).
Reverse subtracted library constructed, screened and 96 clones partially sequenced.

|

|

\

e Manuscript revised and accepted for publication (July, 2001)

e A quantitative reverse-transcriptase PCR method has been developed to examine the
expression of candidate markers in the rat mammary gland (Objective 1).

e Isolation and sequencing of full-length clones for G.B7 completed. Sequence submitted to
Genbank (accession # AY035343) (Objective 2).

e Identification of putative human homologue for G.B7 (Objective 2).
o Established methods for culturing mammary epithelial cells (MEC) from rats (Objective 2)

e Established methods for transducing rat MECs using a lentivirus vector, and for using these
transduced MECs to produce reconstituted mammary glands expressing a p-galactosidase
reporter gene (Objective 2).

Reportable Outcomes

Manuscripts:

Melanie R. Ginger, Maria F Gonzalez-Rimbau, Jason P. Gay and Jeffrey M. Rosen. 2001.
Persistent Changes in Gene Expression Induced by Estrogen and Progesterone in the Rat
Mammary Gland. Mol. Endocrinol., Nov. 15 (11): 1993-2009 (Refer to Appendix i)

| Medina D, Sivaraman L, Hilsenbeck SG, Conneely O, Ginger M, Rosen J, O’Malley BW. 2000.
Mechanisms of hormonal prevention of breast cancer. Ann N Y Acad Sci Dec; 952:23-35

| Abstracts:
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¢ AACR Meeting, San Francisco, April, 2000

e International Congress of Endocrinology Meeting, Sydney, Australia, October, 2000
e Hormones and Cancer Meeting, Port Douglas, Australia, November 2000
Presentations:

e AACR Meeting, San Francisco, April, 2000. Oral presentation

e International Congress of Endocrinology Meeting, Sydney, Australia, October, 2000. Oral
presentation

e Hormones and Cancer Meeting, Port Douglas, Australia, November 2000. Poster.
e Breast Disease Research Group, Baylor College of Medicine, March 20, 2002. Seminar.

Informatics:

e Full-length G.B7 sequence submitted to Genbank database, under the accession # AY035343

Funding applied for, based on work supported by this award:

We have used the work presented in this report to successfully apply for a renewal of NIH Breast
Cancer Program Project grant CA 64255, which will commence in May 2002 under grant #
CA64255-06A

Summary and Conclusions

The E+P-treated rat is a well-established model to study the effects of parity-induced protection
against mammary cancer. In spite of this fact, little is known of the specific mechanisms
governing pregnancy-specific developmental changes in the mammary gland. We have
hypothesized that the normal hormonal milieu that is present during pregnancy results in
persistent changes in the molecular pathways governing cell fate in a defined population of cells
in the mammary gland. These changes accordingly dictate the type of response that is elicited by
subsequent exposure to hormones or chemical carcinogens. A critical aspect in understanding
these processes is the elucidation of target genes for E and P in the mammary gland. Such

information is necessary for determining how the molecular pathways involved in normal
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mammary development and tumorigenesis converge with systemic hormones to mediate parity-
specific protection.

Previous studies, utilizing a rational approach to study known targets associated with
proliferation and differentiation in the mammary gland, have met with limited success in
revealing the molecular pathways involved in conferring the refractory state. Therefore, we
employed an alternative strategy to identify novel targets for E and P action in the rat mammary
gland. Using this Wistar-Furth rat model, in conjunction with subtractive suppressive
hybridization (SSH) methodologies, we have identified several markers that are persistently up-
regulated in response to prior exposure to E and P in the mammary gland. The expression of two
of these markers, RbAp46 and a novel gene that specifies a noncoding RNA (G.B7) has been
characterized further and the results of this work is described in a recent publication (14). We
have also developed a real-time PCR assay to examine the expression of candidate genes at
different stages of development and in response to differentiation or protection of the gland.

In addition, we are developing methods for culturing mammary epithelial cells from rats
and transducing them with a lentivirus vector expressing a gene of interest. Transduced cells
will then be transplanted into the cleared fat pads of virgin rats, to produce reconstituted
mammary glands, over-expressing a gene of interest. These experiments are essential to
advancing our understanding of the role of these markers in normal mammary gland

development and in response to carcinogen challenge.

What are the implications of this work?

The observation that pregnancy confers protection against breast cancer has lead to the proposal
that breast cancer may be prevented by pharmacologically mimicking the specific endocrine
events at a defined window of development. However, the advancement of such technology is
currently limited by our ignorance of the complex molecular and cellular events that are
responsible for this developmentally specific protection. Another factor impeding the
implementation of such strategies is the prolonged nature of any study that must rely on a
defined clinical endpoint (such as tumorigenesis) as a measure of the efficacy of any
chemopreventative treatment. In this respect, the identification of relevant intermediate

biomarkers for a defined population of resistant and susceptible cells is of critical importance,
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and will greatly facilitate the short-term evaluation of any chemopreventative measures and

could ultimately improve imaging techniques for assessing breast cancer risk in women.

The elucidation of markers that show persistent changes in gene expression in response to
exposure to E and P is critical for understanding the molecular pathways that are altered in the
parous gland and modulate the response of the gland to further proliferative stimuli. In this
study, we have identified a number of such markers that warrant further study. These results

provide the first support on the molecular level for the hypothesis that hormone-induced

persistent changes in gene expression are present in the involuted mammary gland and can affect
the response of mammary epithelial cells to carcinogenic insults.

In addition to the identification of suitable markers for following these parity-specific
changes in the mammary gland, it is critical to develop a method of overexpressing these genes
in the rat mammary gland to enable us the study the effects of their overexpression in a parity
independent manner. To this end, we are developing a strategy for transducing mammmary

epithelial cells from rats and producing reconstituted mammary glands expressing a gene of

interest. This approach will enable us to examine the role of a single molecule (such as

RbAp46). in conferring protection against carcinogenesis, in the absence of the altered hormonal

status that is present during pregnancy and without germline manipulation of the host animal.
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Epidemiological studies have consistently shown
that an early full-term pregnancy is protective
against breast cancer. We hypothesize that the
hormonal milieu that is present during pregnancy
results in persistent changes in the pattern of gene
expression in the mammary gland, leading to per-
manent changes in cell fate that determine the
subsequent proliferative response of the gland. To
investigate this hypothesis, we have used suppres-
sion subtractive hybridization to identify genes that
are persistently up-regulated in the glands of E-
and progesterone (P)-treated Wistar-Furth rats
28 d after steroid hormone treatment compared
with age-matched virgins. Using this approach, a
number of genes displaying persistent altered ex-
pression in response to previous treatment with E
and P were identified. Two markers have been

characterized in greater detail: RbAp46 and a novel
gene that specifies a noncoding RNA (designated
G.B7). Both were persistently up-regulated in the
lobules of the regressed gland and required previ-
ous treatment with both E and P for maximal per-
sistent expression. RbAp46 has been implicated in
a number of complexes involving chromatin re-
modeling, suggesting a mechanism whereby epi-
genetic factors responsible for persistent changes
in gene expression may be related to the determi-
nation of cell fate. These results provide the first
support at the molecular level for the hypothesis
that hormone-induced persistent changes in gene
expression are present in the involuted mammary
gland. {Molecular Endocrinology 15: 1993-2009,
2001)

REAST CANCER IS one of the most frequently

diagnosed cancers affecting women in the West-
ern world. Despite advances in the technologies for
the diagnosis and treatment of breast cancer (1), our
understanding of the etiological factors contributing to
the development of this disease is limited (2). How-
ever, one fundamental concept arising from studies of
mammary gland biology is the understanding that the
endocrine processes involved in normal mammary de-
velopment and carcinogenesis are intrinsically related
(3). One of the most frequently cited examples of this
principle is the role of reproductive history and breast
cancer risk. There is significant evidence that the tim-
ing of normal developmental events such as men-
arche, menopause, and parity and the duration of lac-
tation have a significant impact on an individual's
susceptibility to breast cancer (4, 5). In particular, there
is strong epidemiological evidence that women who
experience a full-term pregnancy early in their lives
have a significantly reduced risk of developing breast
cancer (5-7). This is substantiated by studies in sev-
eral rodent models that demonstrate that early preg-
nancy confers resistance to tumorigenesis in animals
treated with chemical carcinogens {8-11). These stud-

Abbreviations: AMV, Age-matched virgin; CoA, coenzyme
A, P, progesterone; PPZ, perphenazine; Rb, retinoblastoma;
SSC, standard saline citrate; SSH, subtractive suppressive
hybridization.

ies also revealed a strong age-related component to
the timing of developmental events and exposure to
carcinogens (12-14). Thus, the regulation of normal
developmental events governing the timing and period
of exposure to ovarian hormones appears to be a
critical factor in determining the risk of developing
breast cancer. Furthermore, there appears to be a
functional interplay between the endocrine processes
controlling mammary development and carcinogenesis.

The observation that the protective effect of an early
full-term pregnancy can be accurately reproduced in
rodents has led to the development of defined animal
models for studying this parity-related phenomenon.
Huggins et al. (15) initially demonstrated that treatment
with the ovarian hormones E and progesterone (P)
could inhibit tumorigenesis in rats after previous ex-
posure to chemical carcinogens. Since then, numer-
ous investigators have extended these observations to
show that hormonal manipulation (by treatment with E
and P or human CQ), either before or immediately after
carcinogen exposure, can inhibit carcinogenesis by
inducing a refractory state. These studies have been
performed in a variety of rat and mouse strains (11,
16-23). Together, these findings provide strong sup-
port for the utility of the rodent mode! to define the
molecular mechanisms by which a defined hormonal
regimen can mimic the protective effect of pregnancy.

Despite the weatth of literature supporting the role of
endocrine-mediated processes in parity-related re-
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fractoriness, little is known about the molecular mech-
anisms governing pregnancy-specific developmental
changes in the mammary gland. Mammary gland de-
velopment is mediated by a complex interaction be-
tween systemic hormones and local growth factors
{24}, which is in turn modulated by the topography of
the cells receiving the stimuli (2).-E and P appear to be
key players in these processes (25). However, al-
though distinct morphogenic functions have been as-
sociated with these hormones, the molecular path-
ways that are elicited in response to the combined
effect of E and P signaling remain to be elucidated fully
(24). Furthermore, it seems likely that the signaling
pathways induced by these hormones vary depending
on the context of the population of cells receiving the
stimuli. Therefore, we hypothesize that the normal hor-
monal milieu that is present during pregnancy resutts
in persistent changes in the molecular pathways gov-
erning cell fate in a defined population of cells in the
mammary gland. Accordingly, these changes dictate
the type of response that is elicited by subsequent
-exposure to hormones or chemical carcinogens. A
critical aspect in understanding these processes is the
elucidation of target genes for E and P in the mammary
gland. Such information is necessary to determine
"how the molecular pathways involved in normal mam-
mary development and tumorigenesis converge
with systemic hormones to mediate parity-specific
protection.

Previous studies, using a rational approach to study
known targets associated with proliferation and differ-
entiation in the mammary gland, have met with limited
success in revealing the molecular pathways involved
in conferring the refractory state (11, 21). Therefore,
we used an alternative strategy to identify novel tar-
gets for E and P action in the rat mammary gland.
Conditions for the hormonal regimen were based on
previous studies, which defined the minimal doses of
E and P required to induce a level of morphological
differentiation equivalent to that observed during a
full-term pregnancy (11). These studies have shown
that previous treatment with E and P confers resis-
tance to chemical carcinogen-induced tumorigenesis
in Wistar-Furth rats in a reproducible and statistically
significant manner. By using an experimental para-
digm involving the administration of E and P, we have
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been able to circumvent the difficulties that are likely to
be encountered by attempting to induce synchronized
pregnancies within an age-matched cohort of animals.
Furthermore, this approach is likely to give a clearer
picture of the molecular pathways that are influenced
by E and P during normal development and tumori-

-genesis. The 45-d-old rat was used as model for the

initiation of hormonal treatment because it represents
a stage of development that is analogous to that of
humans both in the rapid development of the mam-
mary epithelium during puberty and in the maximum
susceptibility to carcinogenesis (25). Using this Wistar-
Furth rat model, in conjunction with. subtractive sup-
pressive hybridization (SSH) methodologies, we have
identified several markers that are persistently up-
regulated in response to previous exposure to E and P
in the mammary gland. The expression of two of these
markers, RbAp46 and a novel gene that specifies a
noncoding RNA (G.B7), has been characterized in fur-
ther detail.

RESULTS
Morphological Effects of Hormonal Treatments

To simulate the protective effect of a full-term preg-
nancy, 45-d-old Wistar-Furth rats were treated with a
defined dose of E and P as described in Materials and
Methods (Fig. 1A). In the expression studies presented
below, we used perphenazine (PPZ) treatment to dis-
tinguish between the processes involved in differenti-
ation and protection attributable to E+P or pregnancy.
Using the experimental paradigm described previ-
ously (22), 45-d-old Wistar-Furth rats were treated
with PPZ for a period of 3 wk. This treatment results in
an increased serum level of PRL and P, but not E,
which permits differentiation but does not confer pro-
tection against carcinogenesis (22). Hormonal stimu-
tation (by either E+P or PPZ treatment) was verified by
whole-mount analysis of mammary glands at the con-
clusion of the 21-d treatment period. In both cases,
mammary glands from 8-, 12-, and 18-d pregnant
animals were used as positive controls for pregnancy-
specific differentiation of the gland. Figure 1B shows
representative whole-mount analyses of mammary

Fig. 1. Mammary Gland Morphology After Different Hormonal Paradigms

A, Experimental paradigm for studying the protective effect of E and P treatment. Forty-two-day-old Wistar-Furth rats were
administered E2 benzoate (E,B) by sc injection and then a sc pellet of E+P 3 d later. The peallsts wers replaced after 10 d to
provide harmone treatment for a total of 21 d. AMV animals were given blank pellets. After 21 d, the pellet was removed and the
mammary gland was allowed to return to a resting stage, approximating a 28-d cycle of involution. At the end of the 28-d
involution period, mammary glands were removed for investigation. B, Morphological analysis after hormonal stimulation.
Whole-mount preparations of inguinal number 4 mammary glands of 66-d-old rats after 21 d of treatmsnt with E-+-P i) or PPZ (i)
A mammary gland from a 12-d pregnant animal was used as a positive control (iii} to assess to level of morphological development
achieved by the hormonal regimen. A 66-d-old AMV animal was used as a negative control for mammary development in the
absence of exogenous hormones (iv). Arrows indicate morphological differences between the E+P and PPZ treatments. C,
Morphological analysis of mammary glands after hormonat stimulation and involution. Whole-mount preparations of munber 4
mammary glands from 95-d-old animals treated with either E+P (i) or PPZ (iii} for 21 d and after a 28-d cycle of involution. AMV
animals received either a blank pellet containing no hormones (i) or vehicle alone (as a control for the PPZ treatment; iv).
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glands from 12-d pregnant, 21-d E+P- and PPZ-
treated rats, and age-matched virgin (AMV) rats. in the
E+P- and PPZ-treated gland (Fig. 1B, i and ii), we
observed a level of differentiation that was comparable
to that of a 12-d pregnant animal (Fig. 1B, iii). At the
gross structural level, these glands appear to be very
similar, although-a few minor differences were ob-
served. In particular, the E+P-treated mammary gland
{Fig. 1B, ) appeared to exhibit a slightly greater degree
of secondary and tertiary branching than the PPZ-
treated animals (Fig. 1B, b) but slightly reduced lobu-
loalveolar development compared with the mammary
glands isolated at d 12 of pregnancy (Fig. 1B, i) or
from the PPZ-treated animal (Fig. 1B, ii). The mam-
mary glands from 21-d PPZ-treated rats exhibited a
level of lobuloalveolar development that was similar to
the mammary glands from 12-d pregnant animals {Fig.
1B, ii and iii, -respectively) although with less side
branching than the glands from 12-d pregnant ani-
mals. In addition, 21-d E+P-stimulated rats expressed
pB-casein at a level that was readily detectable by
‘Northern analysis using total RNA (data not shown). in
contrast, mammary glands from AMV control animals
receiving blank pellets showed no significant alveolar
differentiation, suggesting that alveolar development
in the E+P-treated and PPZ-treated groups was a
result of hormonal stimulation. Previous studies dem-
onstrated that treatment with either E+P or PPZ con-
fers a high level of profiferation and lobuloalveolar
differentiation to the mammary glands of treated ani-
mals (22). However, hormonal regulation has not been
examined beyond the gross morphoiogical level to
- determine whether the level of development is the
same in both cases.

‘At the end of the 21-d treatment period, hormonal
stimuli were withdrawn and the remaining animais
were allowed to undergo involution for 28 d. This rest-
ing phase mimics the period of involution that occurs

- after a normal pregnancy and lactation and represents
a period of extensive tissue remodeling. At the end of
involution, the gland generally reaches a quiescent

. state, resembling that of the mature virgin animal (2).

. Figure 1C shows whole-mournt analysis of 28-d invo-
luted mammary glands from 95-d-old animails after
previous treatment with either E+P (i) or PPZ (jii) and
their age-matched controls (i and iv, respectively). As
reported in previous studies (11}, similar morphelogi-

- cal characteristics were observed in all of the treat-
ment groups, indicating that there were no persistent
structural differences as a consequence of hormonal
sfimulation of the gland.

Differentially Expressed Genes Identified by SSH

To help elucidate the mechanisms governing this hor-
mone-dependent, parity-related phenomenon, we ini-
tially screened for molecular markers of an altered cell
population or for changes in the subset of genes that
were persistently expressed as a resuit of previous
hormonal stimutation. Using the experimental para-
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digm described above, poly(A*) RNA was isolated
from pooled total RNA samples comresponding to ei-
ther E+P-treated or AMV control glands after a 28-d
involution period. SSH was then used to generate an
E+P-subtracted library (as described in Materials and
Methods). The library was screened by differential re-
verse-Northern biot analysis- (26) to-identify genes that
are differentially induced by this hormone treatment.
An example of the screening method. is presented in
Fig. 2, illustrating the utility of this approach for iden-
tifying differerntially expressed markers by a difference
in hybridization signal intensity on duplicate filters.
Figure 2A shows one set of 96 clones, amplified by
PCR, arrayed by high-density gel electrophoresis, and
photographed to ensure even loading between dupli-
cates. Figure 2, B and C, shows duplicate membranes,
each containing DNA comresponding to the complete
set of markers shown in Fig. 2A. Duplicate membranes
were screened by reverse Northern analysis using
probes carresponding to either the E-+P-subtracted
{Fig. 2B) or virgin-subtracted {Fig. 2C) amplified cDNA
used in the construction of the SSHiibrary (as de-
scribed in Materials and Methods). This procedure re-
sulted in the identification of several markers that were
characterized in greater detall in Fig. 3. These markers
are indicated by boxes and include both low-abun-
dance genes, such as RbAp46, Pri-1, PP13, and
HhnRNP A1 (Fig. 2, B and G, i, ii, ifi, and v, respectively),
as well as more highly expressed markers, such as
transferrin and a-casein (Fig. 2, B and C, iv and vi,
respectively).

Despite the morphological similarity of the tissues

-used in this procedure, 24% of the 864 randomly

selected amplified markers appeared to be differen-
tially expressed, based on the results of the high-
density differential reverse Northemn biot analysis {Ta-
ble 1). Selected differentially expressed clones (n =
203) were sequenced, and their identities were deter-
mined using the BLAST homology search.algorithms
and the public sequence databases available through
the National Center for Biotechnology Information.
Clones were classified as known, homologous, un-
known, or novel depending on the stringency of the
search criteria and the databases from which the se-
quence matches were found. A summary of this anal-
ysis is presented in Table 1. Thus, according to the

-criteria detailed in the footnotes 1o Table 1, 61.5% of

the markers sequenced comresponded to known
genes, 10.8% corresponded to homologous genes,
and 27.5% comesponded to genes of unknown
function.

A summary of 50 known genes identified using this
strategy is presented in Table 2. These genes fall into
sevaral distinct categories: those involved in narmal
metabolism and homeostasis of the gland (metabolic
enzymes, transport molecules); those involved in cell-
cell contact and the extracellular matrix; and regula-
tory factors {(signaling molecules, transcription factors,
etc). A number of these genes (such as RbAp46,
Nap1, and CDC42) encode molecules of known rele-
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Fig. 2. Differential Screening of the E+P SSH Library

An illustration of the screening procedure used to select markers that are up-regulated in response to previous exposure to
E-+P. Amplified inserts from 96 randomly selected clones were arrayed in duplicate using high-density gel electrophoresis (A).
Gels were stained with ethidium bromide to ensure equal loading and then transferred onto a charged nylon membrane. Duplicate
filters were screened using differential reverse Northemn analysis, in which [PP]dATP-labeled probes of equal specific activity,
generated from either the E+P subtracted (virgin driver) cDNA (B) or virgin subtracted (E+P driver) cDNA (C), was hybridized under
stringent conditions. The resuilting signal was detected by exposing the filters to BioMAX MR film for 6 h to 2 d. Six differentially
expressed markers, identified using this method, are highlighted by boxes: i) RbAp46; ii) Prl-1; iij) PP18; iv) transferrin; v) hnRNP
A1; vi) a-casein. The relative positions of these cDNAs, in the absence of a hybridization signal, are indicated in Fig. 2C.

vance to celiular proliferation pathways (27-29). Sur-
prisingly, several well characterized markers of mam-
mary differentiation (such as the milk protein genes,
transferrin, a-casein, and x-casein) were also identi-
fied using this screen and displayed persistent expres-
sion in E+P-treated glands. These markers were
highly represented in the subset of clones that were
selected for sequencing and accounted for 18.2%,
3.9%, and 2.9%, respectively, of the total number of
clones sequenced. These observations suggest that
there is some degree of persistent differentiation in the
mammary epithelium after parity (or treatment with
E+P). However, whether this differentiation persists as
a consequence of direct effects on the mammary
gland or is a consequence of an altered hormonal axis
in the E+P-treated animal has not been determined.
Similar findings involving sustained expression of
these markers have also been reported from studies in
the parous mouse (3).

Another marker that was highly represented was the
mRNA for the stearyl-coenzyme A (CoA) desaturase,
an enzyme that catalyzes the rate-limiting step in the
biosynthesis of monounsaturated fatty acids (30).
Stearyl-CoA desaturase is expressed in an isoform-
and temporally specific manner during development,
depending on the tissue of origin (31). The fact that it
is so highly represented among the subset of clones
sequenced suggests that there are also persistent de-
velopmental changes in the mammary stroma in re-
sponse to E+P; however, the implications of this ob-
servation to the gland as a whole have not been
determined.

SSH has been used in a variety of experimental
contexts for the identification of differentially ex-
pressed genes. The efficiency of the subtraction pro-
cedure is validated by the fact that several markers
isolated using this approach (such as a-casein) have
been isolated in an independent study using quite
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Fig. 3. Northern Validation of the Differential Screening Method

Selected clones, identified by the SSH library screen (described in Fig. 2), were used in Northern blot analysis to verify
differential expression in response to previous exposure to E+P. Northern analysis was performed with 2 ug of poly(A™) RNA from
either E+P-treated mammary gland or AMV after 28 d of involution. Blots were hybridized with cDNA inserts prepared from the
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Table 1. Summary of Rat E+P SSH Library Screening

Screening Sten N%‘x"f (}ionesi
Screened by PCR and reverse 874
northern blotting
identification of differentially expressed 213
markers
Sequencing 203
Confirm expression by Northern blot 21
-analysis
Percent of Total
cDNA Clones Sequenced Clones
Sequenced
Known genes® 815
Transferrin 18.2
a-Casein 39
x-Casein 29
Stearyl-CoA desaturase 2.8
Homologous genes? 10.8
Unknown function® 275
ESTs 236
Novei genes? 8.2

2 Clones classified as known genes exhibited =98% identity
with the corresponding database entry.
b Clones corresponding to known genes for which the iden-

ity was not complete (because the relevant rat sequence was

not available) were classified as homologous if they demon-
strated an expected value of <175,

¢ Clones of unknown function were classified as such if they
matched sequences in the' EST databases but their tunction
was otherwise unknown.

9 This subset also included a number of novel genes that
displayed no significant homology with any sequences in the
pubficly available databases after extensive analysis using
the BLAST, TBLASTN, and BEAUTY algorithms.

different approaches to identify genes that are differ-
entially expressed in response to parity. In addition,
paralle! studies using SSH to identify markers that are

down-regulated by E+P have isolated a quite different

set of markers from those described in the present
study (Ginger, M.R., and J.M. Rosen, unpublished
data).

Validation by Northern Analysis

To validate the SSH screen and reverse Northern anal-
ysis {described above), a selected subset of markers
were characterized further by Northern blot analysis to
confirm their pattern of expression in the E+P-
pretreated, involuted gland compared with the AMV
contro! tissue. A pooled RNA fraction was used in
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these analyses to control for the effects of variation in
estrous cycle within an age-matished cohort of animals
{as described in Materiake and Methoos). Northern
blots were hybridized with radiolabeled probes pre-
pared from the partial cDNA fragments isolated from

ihe SSH fibrary. The expression of individual markers

was determined by quantitative analysis of the subse-
quent hybridization signals using cyclophilin as a nor-
malizing control. Twenty-one markers were examinad
in this manner, 18 of which were confirmed as differ-
entially expressed based on quantitative Northern
analysis of their expression in the E-+P-treated gland
vs. ANV, Because the SSH strategy uses an amplifi-
cation step to permit the detection of fow-abundance
markers, it is possible that some sequences will be
preferentially amplified, resulting in false-positives re-
sults. The observation that 85% of the markers exam-~
ined by Northern analysis were true positives suggests
that the screening criteria described above resulted in
the stringent selection of differentially expressed
markers.

The resuits of the Northern analysis are summa-
rized in Table 3 and highlight several genes that
might he putative candidates involved in the malec-
ular pathways that are targets for E/P-mediated
changes associated with parity-related protection of
the gland. Representative Northern blots of markers
demonstrating quantitative changes in E+P-weated
glands are shown in Fig. 3. Several interesting ob-
servations accounting for the differential gene ex-
pression were revealed by thess Northern analyses.
Some of these genes were expressed as a single
transcript and showed a small quantitative change,
e.g. a-casein (Fig. 3a, 1.8-fold difference), Nap 1
{Fig. 3¢, 8.4-fold change). cded?2 (Fig. 34, 2.3 -foid
change), and RbAp46 (Fig. 3g, 3.5-fold change).
Others were detected as multiple transcripts, and
one or more of these transcripts were differentiaily
expressed, e.g. follisiatin-related protein {Fig. 3g,
2.1- to 2.3-fold change), D.E10 (Fig. 3h, 2.9- to
3.4-fold change), hnRNP A1 (Fig. 3k, 3.8-fold
changs). In the third case, severa! transcripts were
observed and alf of the transcripts appeared to be
differentially expressed, e.g. G.B7 (Fig. 3|, 5- to
7.2-fold change). Whether these transcripts arise as
differently splicedt forms. of thie same gene. product
or ciosely related members of a gerte family remains
to be determined. Furthermore, the abundance of
these transcripts identified by SSH and reverse
Northern ‘blotling varied considerably from  highly
abundant mRNAs, such as those encoding ao-

following SSH clones: a, a-casein; b, protein phosphatase 1, subunit §; ¢, Nck-associated protein 1; d, CDC42; e, clone BB5,
which resembles an EST, §, ransferring g, folllsiatin-related protein; h, clone BEID, which resaibles an EST, |, clone DUFE, which
resembles an EST; j, decorin; k, hnRNP Af; |) G.B7; m, protein phosphatase, Pri-1; n, stearyl-CoA desaturase; o, ring zinc finger
protein; p, heme-binding protein; q, RbAp46. Exposure times were as follows: 4 h (aand f), 12 h (), 18 h(n),2d (kand p), 3 d
(0), 4d(c, d, and g}, 5d (e and q), 7-8 d (b, h, i, |, and m). Cyclophilin was used as a normalizing control to ensure even loading

{r). Differemially expressed transcripts ars indicated by arrows.
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Table 2. Summary of Known Genes Isolated using SSH

Function Marker

‘Accession Nuiber

Known Homologous
Metabolic Steary! CoA desaturase J02585.1
Cysteine dicxygenase D8342t
GTP-specific succiny! CoA synthetase AF058956
2,4-Dienoyl CoA reductase D00569
Nucleic acid metabolism 5’ Nucleotidase J05214
Guanine desminass AF028472.2
Mifk protein o-Casein J00710.1
x-Casein K02598
B-Casein NM_017120
Minera! ransport/metabolism Transferin ‘D3e28
Heme-binding protein D30025
Ceruloptasmin L.33869
Protein synthesis Ribosomal protein L18 NM.031102.1
Ribocomal protein 820 X51537.1
40-kDa Ribosome! protein D28224
Eukaryotic protein translation initiation NM_020075.1
factor-5
Protein transport Sect 11027
Transeription factor Zinc finger protein, Pzt 14053431
Ring zinc finger protein, Rzf AF037205.1
Zinc finger protein LJo0919
Sp3 AF062567 1
SHARP-2 AF009330
Chromatin remodeling RbAp46 AF090306
RNA splicing hnRNP At M12156
Argine/serine-rich splicing factor 11 XM._001835.1
Celi cycie controi CiDC42 NM_UG9B6T 1
Retinoblastoma ‘D25233.1
Signal transduction Krit-1 AF310134.1
Nap-1 D84346
Caollibistin 1 NIMLO233957
Transtational repressor ‘NAT-1 Ure112
Kinase JAK1 $63728.1
Phosphatase Protein phosphatase type 1 3 Dao164
Tyrosine phosphatase Prl-1 LZ7845
Protein tyrosine phosphatase-tike -AF169286
protein, PTPLB
Extracellular matrix Decorin Z12298.1
Follistatin-related protein udgses
Heparin sulfate proteoglycan core NM_013082.1
protein, Sdc2
Neuralin-1 AF305714
Medulation of cell growth Mast cell giowth facior V44725
EGF-like protein, S1-5/T16 D89730.1
Cell adhesion Podocalyxin AF109393.1
Neural cell adhesion AF00246
Cett adhission moleculs XRL00308.2
Membrane transporter PMP70, ATP-binding cassette family NM_012804.1
KCI cotransporter U55815
Cell-surface marker Epithelial glycoprotein antigen, EGP-314 AJ001044.1
Interfernm v racsptor Laa272
Apoptosis £1B 19K/Bcl-2-binding protein, Nip3 AF243515.1
Protease YME1-like ATP-dependent NM.013771.1

metalloprotease

casein, which are easily detected after only a few
hours of exposure {Fig. 3a), 0 low abundance mR-
NAs, such as RbAp46, which required more than 1
wk of exposure (Fig. 3q). On the basis of this pre-

liminary screen of markers up-regulated by treat-
ment with B4 P, iwo genas were selectad for further
characterization in greater detaii: RbAp46 and a
novel clone (designated G.B7).
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Table 3. Genes Up-Regulated by E+P

’ Accession numbet Transcrint® Fold
Marker Idantity Known Homologous® Size (::g) Difference®
AF10 Zinc finger protein, Pzf U05343.1
B.AS Transtarin D3s3es 2.2 2.0
B.B5 EST Al712974.1 4.2 19
37 —_
B.B8 Podocalyxin AF109393.1 1.6
B.D2 Sp2 AF082587.1 -
B.E3 Stearyl-CoA desaturase J02585.1 6.0 4.4
4.8 —_—
38 —
B.E4 Decorin Z12208.1 4.2 1.8
31 1.4
2.0 —
, 0.9 —
B.F2 wa-Caseir Jon710.1 13 1.8
CB.GI0 “Zinc finger protein 90919 —
C.B2 RbAp46 AF090306 1.9 35
C.Cé Tyrosine phosphatase Pri-1 127843 3.2 —_
28 85
20 4.7
C.F7 Protein phosphatase-1, 8 D90164 21 1.4
1.5 4.3
C.B10 hnRNP At M12156 32 38
1.8 —
1.3 —
D.B4 Ring zinc finger protein AF037205.1 2.2 4.5
D.Cé Nap 1 NM.023957 5.0 8.4
DFo Heme-binding protein D30035 1.7 5.3
1.1 —
D.F9 EST BF289700.1 2.9 0.27
2.2 —_
1.6 —
1.1 2.2
D.G2 Follistatin-related protein 06864 3 2.3
2.3 2.1
1 ;5 -
1.3 —
D.E10 EST BF560064.1 4 34
2.5 29
1.7 e
G.B7 Unknown 8.0 7.2
4.0 5.6
2.8 7.2
23 5.0
1.5 6.1
1.E1 CDC42 NM_009861.1 22 2.1

@ For ESTs, the accession number of the closest homologous sequence is shown.

b Egtimated fom Northern anelysis.

© Fold difference in E+P vs. AMV is from quantitative anslysis of Northern blots presented in Fig. 3 using cyclophilin as a

normalizing control.

Cloning of Full-Length G.B7

Clone G.B7 corresponds to a 764-bp fragment iso-
{ated in the SSH screen described above. Anaiysis of
the 764-nucleotide of sequence avaifable for this
¢DNA revealed no significant homology with any se-
quences in the publicly accessible nuclectide data-
bases; hence, it represented a potentially novel gene
product. To further elucidate the function of this cDNA,

we constructed and screened an E+P-treated mam-
mary gland cDNA library and isolated several full-
length clones comresponding to the different sized
transcripis observed by Northern analysis (Fig. 3i).
Three of these clones 6.3, 2.4, and 2.2 kb) were se-
quenced in their entirety. Analysis of the resuitant se-

‘quencas suggssted that the differant sized transcripts

observed by Northern blot analysis arose as a result of
differential splicing of a single gene product. The full-
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tength sequence of the largest of these clones (6.3 kb)
‘was depositad i GenBank with tha accessionunumbar
AY(035343.

In an attempt to determine the function of this gene,
we submitted the full-length, 6.3-kb sequence to da-
tabase searcting using BLAST and TBLASTN search
algorithms {with six-frame translation and BEAUTY
postprocessing). The results of this analysis did not
reveal significant homology with anvy known gene or
protein motif. However, we found that a short section
of the 5’- and 3'-regions of this gene (nucleotides
1,125-1,490 and 5,920-6,203 of the full-length se-

guencs) exhibited homology with several rat and

mouse expressed sequence tag (EST) ciones. The
best matches were to accession numbers BG079981,
BE119249, and BG079981 and revealed an identity of
85-97%. 1o thasa ragions of approximately 300 bp in
the fuli-length G.B7 sequence.. in addition, we per-
formed homology searching using the recently assem-
bled human genome sequence database and found
four regions of homology with human chromosome 2.
These homologous regions corresponded to nucleo-
tides 2,334-2,419, 2,435-2,601, 2,745-2,789, and
5,157-5,437 of the full-length G.B7 seauence, with
identities of 93%, 83%, 95%, and 80%, respectively
{expected value < 17°). This sequence maps to region
233 of the human genome and spans a known chro-
masomal breakpaint that is associated with 3 number
of human cancers, including breast adenccarcinoma
(32). No open reading frames or ESTs have been iden-
tified in the human sequence encompassing the region
of homotogy with 8.B7. Howsyver, this may be a con-
sequence of incomplete annotation of the genome
database or the failure of the search paradigms to
detect a nontransiated RNA. Indeed. we have been
unabie 1o detect any significant open reading frames
longer than approximately 200 nucleotides in the full-
length G.B7 cDNA. In vitro translation experiments,
with appropriate positive controls run in parafiet to
validate the assay, also failed to detect any translation
product for the 6.3-, 2.4-, or 2.2-kb forms of this RNA
{(data not shown).

Expression of G.B7

Northern analysis demonstrated a 4- to 8-fold induc-
tion {depending on transcripl) of G.B7 transcripts in
the glands of hormone-pretreated rats compared with
those in AMV controls. Multiple-tissue Northern anal-
vsis suggested that this gene is also expressed in the
testes, itver, and heart of rats {data not shown), but its
hormonal regulation in these tissues has not been
determined. Because the mammary gland contains a
heteragencous population of calls (33)..including fibro-
blasts, adipocytes, and several types of epithelial
cells, it was important to determine in which cell types
this RNA transcript was expressed. To investigate the
spatial pattern of G.B7 expression in. response 1o
‘treatment with E+P and PPZ, we used in situ hybrid-
ization analysis with a **P-labeled probe generated
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from the 764-bp fragment isolated from the SSH li-

brary. As shown i Fig. da, G.B7 wifbA was highly

expressed in the epithefium, but not in the stroma, of
12-d pregnant mammary glands. Furthermore, its ex-
pression appeared to be localized to the differentiated
iobulbatveotl, In addition, G.B7 was persistently ex-
pressed in residual alveoli of the regressed gland after
E-+P treatment and 28 d of involution (Fig. 4c). By
comparisan, only a very faint hvbridization signal was
detected in the PPZ-ireated giand after 28 d of invo-
lution (Fig. 4e). No signal was detected in the 95-d-old
AMV gland (Fig. 4g) or with the sense control (data not

shown). Interastingly, the expression of G.B7 in the

E+P-treated and 12-d pregnant animal was primarity
confined to the lobuloalveolar structures of the gland,
and not in the ducts. Furthermore, persistent expres-
sion of B.B7 requived previcus exposue to Fand P,
because PPZ freatment alone did not induce expres-
sion. We have also examined the expression of G.B7
by in situ hybridization using mammary glands from
parous vs. nonparous animals after28 d of invdlution
and have observed persistent changes in the expres-
sion of this marker (data not shown). This pattern of
expression suggests that it represents .a. potentially
interesting and biologically relevant marker of parity-
related protection.

Expression of RhAR4G

Northern analysis demonstrated that RbAp46 is per-
sistently up-regulated in mammary glands of E+P-
trezted rats compared with ANV controls. To invest-
gate the spatial pattern of its expression, we again
used in situ hybridization analysis (Fig. 5). This analysis
showed that RbAn46 was expressed at a high level in
ithe lobuloalveoii at midpregnaney (Fig. 5, a and ¢}. in
addition, RbAp46 was persistently expressed in the
alveolar structures of the E-+P-treated gland after 28 d

. of invohstion (Fig. Sd). By contrast, RbAp4€ sxpressiaon

was barely deteciable in the PPZ-treated, 28-d invo-
luted gland (Fig. 5e) or the 95-d-old AMV control gland
(Fig. 5f). RbAp46 is also persistently expressed in the
mamnay-glands of parous animals after 28 d-of in-

volution {data not shown). These results indicate that

parity, or previous exposure to both E and P, is re-
quired for the maximal persistent expression of
RbAp4t.

DISCUSSION

The E+P-treated rat is a well established mode! for the

study of the effects .of parity-nduced protection

against mammary cancer. In spite of this fact, little is
known of the specific mechanisms governing preg-
nancy-specific developmental changes in the mam-
mary gland. Two pravalling models have been pro-
posed to account for this phenorenon. in the first
model proposed by Russo and Russo (34), the refrac-
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Fig. 4. A Novel Marker, G.B7, Is Expressed in the Lobuloalveolar Structures of the Rat Mammary Gland in Response to E and P

In situ hybridization analysis showing the localization of G.B7 mRNA in the lobuloalveoli of mammary glands from mid
pregnancy (12 d pregnant) (a) and residual alveolar structures of E+P-treated rats (c) after 28 d of involution. As a comparison,
expression was barely detectable after treatment with PPZ and 28 d of involution (e) and in the 95-d AMV glands (g). Hybridization
signals were captured in the dark field. 4’ 6-Diamidino-2-phenylindole (DAP) staining of the same field is shown in parallel (b, d,
f, and h). No hybridization was observed with the sense control (not shown).

tory state results from terminal differentiation of the
mammary epithelia during pregnancy. According to
this hypothesis, terminal differentiation rids the gland
of a specific population of susceptible cells (present in
the terminal end bud and terminal ducts) that are con-
sidered targets for tumorigenesis. Protection is mani-
fested as a change in cellular kinetics, an alteration of
the properties associated with carcinogen uptake,
binding, and metabolism, and an enhanced capacity
for DNA repair (14, 25, 34-36).

According to the second model, the refractory state
is intrinsic to the host and is mediated by changes in
the levels of systemic hormones (such as GH and
PRL), which may subsequently down-regulate the ex-
pression of receptors for hormones and growth factors

(21). These models may not be mutually exclusive, and
although both are attractive, neither has gained suffi-
cient mechanistic evidence to confirm its validity. in
addition, comparison of these hypotheses is ham-
pered by the fact that athough one uses a pretreat-
ment model of hormonal protection, the other uses a
posttreatment paradigm. In the first case, differentia-
tion is proposed as the mechanism for the protection,
whereas in the posttreatment model, an agent that
causes morphological differentiation of the gland does
not confer refractoriness against cancer (22). Further-
more, several published studies have implied that the
protection is independent of the level of differentiation
achieved by parity or hormonal stimulation (10, 11, 37),
whereas other studies have contradicted the finding of



4

2004 Mol Endocrinol, November 2001, 15(11):1993-2002

Ginger et al. ®* Gene Expression in the Parous Mammary Gland

i2d
pregnant ’
o
PPZ

| Aamv

Fig. 5. Persistent Expression of RbAp46 Requires Previous Exposure to Both E and P
In situ hybridization analysis showing the localization of RbAp46 mRNA in the mammary gland at 12 d of pregnancy (a and c)
and in E+P-treated (d) and PPZ-treated (e) rats and AMV (f) after 28 d of involution. Magnification, X4 (a, d, e, and ) and X10

(). No hybridization was observed with the sense control (b).

a difference in cellular kinetics between parous and
nonparous animals (10). Clearly, this is a complex
problem that cannot be fully explained on the basis of
existing evidence.

To overcome the limitations of the aforementioned
models, we and others (11) have proposed an alter-
native hypothesis, i.e. that the normal hormonal milieu
that is present during pregnancy results in persistent
changes in the molecular pathways governing cell fate
in a defined population of cells in the mammary gland.
One possible way that this might occur is through
epigenetic changes, which would subsequently deter-
mine the pattern of gene expression in a specific pop-
ulation of cells and their descendants. Epigenetic
changes, such as an alteration in the methylation sta-
tus of promoter sequences, the recruitment of meth-
ylation binding proteins, and remodeling of chromatin
structure, would thus alter the transcriptional profile of
those cells, Such epigenetic changes frequently ac-
company developmental processes and serve to pro-
vide a lasting signal that restricts the pattern of gene
expression in those cells long after the inductive event
(such as hormone or growth factor signaling) has been
removed (38). In this respect, the elucidation of novel
targets for E and P action in the mammary gland is
crucial to our understanding of how an aspect of nor-

mal development might mediate the response of the
organ to future proliferative signals. We have selected
the 28-d involuted gland as the model for the molec-
ular studies presented here because it is morpholog-
ically similar to that of mature virgin animals of the
same age. Thus, we are provided with an appropriate
control to examine molecular differences in two tis-
sues that are very similar morphologicatly.

In the expression studies presented in Figs. 4 and 5,
we used PPZ treatment to distinguish between the
molecular pathways induced by either E and P or P
alone. PPZ is a dopamine receptor agonist that alters
the hormonal axis to the extent that both serum PRL
and P levels are increased but E is not significantly
increased. As stated above, PPZ caused differentia-
tion of the gland, but not protection, in a posttreatment
mode! (22). Whether it confers protection in the pre-
treatment paradigm described here remains to be
tested, but in previous studies performed in the
Wistar-Furth rat model, both E and P were required for
subsequent protection from carcinogenesis (37). As
we have shown in the present study, both E+P and
PPZ cause differentiation of the gland. However,
whether differentiation proceeds to the same extent
after both treatment regimens has not been examined
beyond a morphological level. The fact that we have
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observed slight morphological differences between
the PPZ- and F + P-irealed gland {aitey 21 dof stimu-
iation) suggests that different molecular pathways are
invoked by E-+P- or PPZ-mediated development of
the gland. Although it remains controversial whether
differentiation s causal 1u, oy independent of, prolec-
tion, treatment with PPZ provides an important control
to distinguish between the signaling pathways in-
duced by E and P or P alone.

SSH has been used in a variety of experimental
contexts for the identification of differentially ex-
pressed genes. it has certain advantages over many
conventional mathods of gene discovery in that it is

-capabie of identifving both knowrn: and novel genes as

well as low-abundance genes. The fast point is of
particular interest because alternative methods, such
as microarray analysis, often fall to detect quantitative
changes in low-abundance transoripts that are de-
tected by more sensitive techniques such as SSH (39).
In many cases, it is necessary to use poly(A*) Northern
analysis o verffy the expression of markers identiied
by SSH. In the presernit study, we have demonslrated
the utility of this approach for isolating markers that
are persistently up-regulated by treatment with E and

‘P in the mammary gland. This has highlighted a num-

ber of markers of prospective importance to E- and
P-dependent pathways in the mammary gland, poten-
tiatly leading to the determination of aett fats. Althcugh
some of these markers represent genes of unknown
function, others encode molecules of known relevance
to the pathways involved in cellular proliferation and
citferentiation. 1t is difficult jo reconcile such a diverse
group of markers with the molecuylar events that might
be involved in conferring protection to the gland. How-
ever, it is possible that some contribute in an indepen-
dent bul stochastic fashion (o influence e processes
controliing celt fate. Consideration of their Tunctions
may lead to a greater understanding of the signifi-
cance of their persistent expression in the E+P-
treated gland. For example, carcinogen treatment of
the AMV adult gland leads to a proliferative burst. This
proliferative burst is attenuated in the parous and E/P-
treated gland {11}. Several of the genes up-regulated
in the E/P-treated gland couid play a role in this pro-
liferative block. For example, phosphatases play a crit-
ical role in the regulation of diverse cellular processes,
inchiding the modulation of gene expression, ceft-ayale
progression, and intracellular transport. Follistatin-
related protein is a member of a wider family of pro-
teins that have been ascribed the function of modu-
lating the effects of cytokine and growlh faclor
sighaling {40). In addition, splicing factors such as
hnRNP A1 may be important for maintaining the ap-
propriate expression of certain regulators of cell
growth.

We have characterized two of these markers (G.B7
and RbAp46) in greater detail and found that both are
porsistently expressed in g specific population of ep-
ithetial cells after treatmant with E-+ P. The first of these
markers encodes a gene of as yet unknown function
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that shows a 5- to7-fold induction in the glands of
hovmone-treated rats compared with those in AMY
conirols. The obsarvation that it is homologous with
sequences in a region of human chromosome 2 and
spans an area that is known as a chromosomal break-
point i a number of human cancers is fantalizing and
merits further investigation. However, we have been
unable to identify a putative translation product. Be-
cause this gene is clearly expressed as an mRNA
transcript {based on the Northermn anaiysis shown
above and the presence of related sequences in the
EST database) and was persistently induced after
treatment with £E4-P, we speculate that G.BY may in-
stead Tunclion as a nontransiated reguiatory RNA.
There is some precedence for this hypothesis: several
studies in a range of organisms (including Caenorhab-
ditis elegans, Drosophila, and mrouse} have shown that

RNA molecules may function in a regulatory context

without themselves being translated. In C. elegans,
two short noncoding RNA species (in-4 and let-7)
have been identified that repress the function of sev-
eral genes that mediate developmental conlrol path-
ways (41). These RNAs appear to exert their repressive
effects by binding to complementary sequences in the
3'-untransiated region of their mRNA targets, thus pre-
venting translation. in Drosophila, a family of noncod-
ing RNAs encoded by the roX genes is involved in
chiomatin remodesting, leading to dosage compansa-
fion- of the male X chromosome {42} In yet another
example, the RNA molecule SRA acts as a steroid
receptor coactivator in the SRC-1 complex (43). Re-
cent studies suggest thal many other axamplas of
RNAs with reguiatory functions wilt ba revealed (44).
The Retinoblastoma (Rb)-associated proteins
(RbAp46 and the closely related molecule RbAp48)
constitute parl of a smalt gene family with homology
with the yeast molecule M3I1 {a negative regulalor of
the Ras-cAMP signaling pathway) (27, 45). Although
originally isolated as protein components that bound
to Rb by affinity chromatography {45}, preliminary
studies suggest that these molecules might play a
broader function in the regutation of such processes
as cethidar profiferstion and differentistion. Cvarex-
pression of either RbAp46 or RbAp48 can substitute
for the activity of MSI1 in mutant yeast strains. In
addition, RbAp46 appears to be a downstream target
of the Wilms's tumor suppressor protein WT1, and
overexprassion-of this gene can suppress the growth
of transfected cells in culture (46). More recent studies
have shown that these proteins also interact with the
breast cancer mor-suppressor protein BRCAT (47},
Furthermore, RbAp4G and RULAPRAS interact directly
with histones H3 and H4 (48) and are components of
multisubunit complexes that are involved in histone
deacetyiation, histone acetytation, nuclkeosome dis-
ruption, and nucleosome assembly (49-51). in this
capacity, RbAp46 appears to be involved in both de
niovo acehviation/deacetyiation of the nascent chroma-
tin {possibly leading to permanent imprinting of spe-
cific gene expression) and the targeted repression of
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gene activation through its association with the Sin3/
HOAT and MuRD complexes {B0). Toosther, these
studies imply a medel in which RbAp48, through Hs
actions as an adapter protein, might serve as a means
of recruiting these chromosome-remodeling activities,
leading 1o persisient changes In gene expression in
the glands of parous animais.

Thus, epigenetic changes can provide an enduring
memory that predetermines cell fate and prevents cell-
fineage aberrations, leading to cancer {38). This offers
a highly plausible explanation for the persistent
changes in gene expression that have been observed
in the mammary glands of parous. animals. | is clear
that further shurlies are necessary to fufly elucidate the
function of these markers in the parous mammary
gland. However, the elucidation of markers that show
persistent changes in gane expression in response o
exposure to T and P is critical for understanding the
molecular pathways that are altered in the parous
gland and modulate the response of the agland to fur-
ther proliferative stimuli. in this study, we have identi-
fied a number of such markers that warrant further
study. These results provide the first support at the
molecular feva! for the hypcthesis that hormone-
induced persistent changes in gene expression are
present in the involuted mammary gland and may
contribute to the response of mammary epithelial cells
1o future carcinogenic insulis,

MATERIALS AND METHODS

Animals

Thirty-five-day-old virgin and 5-d pregnant Wistar-Furth rats
ware purchased from Harian Sprague Bawtay, Inc. {Chicagp,
IL). Animals were housed using approved American Associ-
ation for Laboratory Animal Care guidelines in plastic cages
centairing wood-chip bedding under o 12-h light/dark ovele
and were permitted ad fibitum access to food and water. All
experiments were performed in accordance with the NiH
guidelines for the care and use of experimental animals.

Hormena! Manipulation

Forty-two-day-old Wistar-Furth rats were treated with a de-
fined hormonal ragimen to mimic the protactive effects of an
early full-term pregnancy using the experimental paradigm
descrived previously by Sivaraman ef al. {11). Rals were
divided into two groups (n = 20 per group): those receiving
the hormonal stimulus and those serving as AMV control
subjects. in both cases, the rats were freated with a2 priming
dose of £2 banzoate dissoived in sesame off 2.5 g in 6.1 mi;
s¢) to synchronize estrus both within and between the two
groups. Three days subsequent to the E2 boost, animals in
the experimental groun were treated with E end P by sc
implantation of a pellet containing 20 g of E and 20 mg of P
in a beeswax medium in the dorsal region of the back. Con-
ditions for the preparation of the E/P pellets have been de-
scribed previously {11). AMV control animals received blank
pefiete conteining fhe vehicle alone, Pelleie were replaned
aftor 10 d'1o provide hormone! stimulation for & total of 21 d.
The hormonal stimulus was continued for 21 d to mimic the
period of a full-term pregnancy. After this phase, the beeswax
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pellets were removed and the rats were subjected to a resting
perind of 28 d to allow the mammary glands to involute
{Fig. 14).

To study ths effecis of diiferentiation in the absence of the
hormonal changes conferred by pregnancy or E+P treat-
ment, 45-d-old Wistar-Furth rats were treated with PPZ using
a modification of the experimantal paradigm pressnted
above. Rats were divided into two groups, with 16 animals
per group: those receiving the hormonal stimulus and those
serving as AMV control subjects. Rats in the freatment group
then racsivad a eo injection of PPZ (Sigma; 5 mgtkg in 0.02
M HCY) five times per wk for a period of 3 wk. Controls
received the vehicie alone. At the end of the treatment pericd,
the rats were again subjected to a resting period of 28 d to
allow the mammary glands to involute.

Tissue Cotiection

Animals were killed by an intracardial injection of 0.05 ml of
ketamine/xyalkazine/acepromazine. Inguinal number 4 mam-
mary glands ware harvastsd from 12-d pregnant, 21-dE+P-
treated, 21-d PPZ-treated, 28-d involuted (E+P, PPZ), and
AMV control subjects. Tissues were either flash frozen in
liguld nircgen for Western and Northemn blot analvses. or
fixed in 4% paraformallehyde in PRS2t AC for 18 hforin sty
hybridization analysis. For the 12-d pregnant samples, preg-
nancy was confirmed by dissection of the uterus and by the
presence of a normal conceptus. For E+P- and PPZ-treated
animals, henmonal stimulation of the gland was roulinely
confirmed by removing the Iaft number 4 mammary gland
immediately after the 21-d treatment period or after a 28-d
involution period and subjecting it to whole-mount analysis
as descrihed previouely (11). In this case, mammary glands
were fixed in 10% neutral buffered formalin for 24 h and
stained as described previously {52). Stained glands were
examined to ensure that they displayed morphological de-
velopment consistent with the particular regimen.

RNA isolation

Total RNA was isolated from frozen tissues by homogeniza-
tion in BNAzo! B [Tel-Test, Friendswood, TXj according to the
manufacturar’s instructions. BNA fractions from differant an-
imals from the same group were combined to minimize vari-
ation between individuals and the poly(A) fraction was iso-
{ated from this pooled RNA sample using the PolvATivach
mANA purification systers {Promega Corp., Madison, Wi,
RNA quality and yield were determined by spectrophotomet-
ric measursment, and the RNA was stored at —70 C until
used.

SSH

SSH was performed using the PCR-Select cDNA Subtraction
Kit {CLONTECH Laboratories, inc., Palo Alto, CA} in accor-
danics with the manufacturer’s instructions but with the fol-
lowing modifications. Poly(A*) RNA was isolated from pooled
total RNA samples (n = 18 each) comresponding to either
E+P-irented or AMY conirol glands after a 28-d involution
period. cDNA fractions were synthasized from 2 g of poly(A}
RNA from each tissue pool, and then the AMV cDNA was
used as a driver to subtract molecules common to both
populations of RNA from the E+P tester cDNA. The efficiency
of the subiraction procedure was monitored by gs! analysis
of the ampiified products before and after subtaction and by
depletion of glyceraldehyde-3-phosphate dehydrogenase in
the subtracted vs. the nonsubtracted cDNA. Subtracted
products were subjected to POR-based amplification in
which the primary and secondary PUR conditions were al-
tered as follows to optimize product formation: in the primary
PCR, the annealing temperature was reduced to 64 C and the
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number of cycles was increased to 30; in the secondary PCR,
a finat extension cycle of 7 min was added and the amptified
products were “A tailed” by incubation 28 72 Cfer 15 min in
the presence of 0.5 U of Tag poiymerase (iLife Technologies,
Inc., Gaithersburg, MD). The resultant subtracted amplified
¢DNA products were purified and cloned into a pGEM-T Easy
TA cloning vector {Promega Coip.). The ensuing E+P SSH
fibrary was propagated by fransformation intc Epicurian ol
XL2-Blue ultracompetent cells (Stratagene, La Jolla, CA) ac-
cording to the recommendations of the supplier. Recombi-
nant E+FP SSH clones were sefecied by plating onio
150-mm-diamater plates suppgiemented with scpropyi-1-
thio-g-p-galactopyranoside and 5-bromo-4-chloro-3-indolyl-
B-b-galactopyranoside.

‘Diffcrential Scroening of the E+P88H Library

Colonies (n = 864) from the E+P SSH library were selected
strandom and inceulated into 102 ud of Luria- Bertani medium
supplernemtad with ampicilin {100 ng/ml oy 86-welt round-
bottomed microtiter plates. Bacteria were incubated at 37 C
overnight on a shaking platform, and then 3 pul of the subse-
quent bacterial culture were transfarred to individual wells of
a S6-wsell PCR plate {Perkin-Elmer Corp., Foster City, CA}L
‘Bacteria were lysed by healibg 10 80 C {0 5 min, and the
recombinant DNA inserts were amplified using nested prim-
ers complementary to the adapter fragments used in the
fibrary construction, as described in the PUR-Selact cDNA
Bubtraction Kit manual PCR reaciions typicsily confained
0.2 mm deoxynucleoside triphosphate, 2.5 mm MgCl,, 0.3 pm
of each primer, and 1 U of Tag DNA polymerase (Life Tech-
nolegies, Inc) in a tota! velume of 20 ! in the prasence 1>
stendard POR buffer. Tag polymerase was preincubated with
Tagstart antibody (CLONTECH Laboratories, inc.) for 30 min
at room temperature before addition to the reaction mix.
Amplification was performed using 23 cycles each of 94 C for
30 sec and 68 C for 3.5 min. Equal volurmes of the amplified
products were arrayed, in duplicate, on high-densify-format
1.5% agarose gels (Centipede ge! electrophoresis chambers;
Ow! Scientific, Woburn, MA), as described by von Stein et al.
{26}, and then fransierred onio charged nylon memiranes
{Hybond N+; Amersham Pharmacia Biotech. Uppsals, Swe-
den) using standard protocols.

The resulting duplicate filters were screened with double-
stranded cDNA prohes corresponding to either roverse or
forward subtrarcted cONA prapared during the library con-
struction process. Hybridizations were petformed under
stringent conditions as described in the PCR-Select Differ-
ential Screening Kit users manual (CLONTECH Laboratories,

lne ). Hybridization signals were visualized by exposing the
hybridized filters 1o BialMAX MR film in the prosence of &
BioMAX MS intensifying screen (Eastman Kodak Co., Roch-
ester, NY), and the signals of replicate clones were com-
praved. Glones displaying a differenitial patiern of expression
ware solected for Rurther analysie, and plusmid DMNA wos
isolated using a Quantum miniprep kit (Bio-Rad Laboratories,
Inc., Hercules, CA).

Isclafion of Full-Length G BT

A rat E+P cDNA library was prepared from poly(A*) RNA
isolated from 28-d involuted E+P-treated mammary glands
and figated into a ALAP Exprass bacterionhage veotor {Sirat-
agene) in accordance with the manufacturer's instructions. A
total of 5 X 10° recombinant plagues from the resulting
amphified fbrary were scraaned by standard protocols using
a random primed [a-**PICTP-aheled cDMA probe core-
sponding to the 764-bp G.B7 fragment isolated from the E+F
SSH library.
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DNA Sequencing and Analysis

Purificd plasmid clones wers subjscied to didsoxy sequsnc-
ing using an ABI 377 automated sequencer (PE Applied Bio-
systems, Foster City, CA) at the DNA Sequencing Facility of
the Child Heslth Research Center, Baylor College of Medi-
cine. Clones from the SSH library ware sequenced using the
T7 universai primer. Full-length G.B7 clones were ssquanced
using sequence-specific internal oligonucleotide primers ob-
tained from Integrated DNA Technologies (Coralville, 1A). The
resulting sequence data were analyzed using the homology
arsdysts softwars {SLAST ard BEAUTY) aveilabie through
the National Center for Biotechnology Information (NIH,
Bethesda, MD) and the BCM Search Launcher (Human Ge-
nome Sequencing Centar, Baylor College of Medicing),
respectively.

Northern Analysis

The poly{A™) PNA fraction from E+P-treated 28 involited
and AMV controf mammary glands was prepared from a
pooled total RNA sample as described above. Poly(A™) RNA
{2 po/tane) was resolved by electropharesis on a 1.2% aga-
rose/(.66 as formaldehyde gel and subsequently transferred
onte a charged nylon membrane. The biols were hybridized:
with [a-*?P]dATP-labeled cDNA probes prepared from se-
lected clones isolated from the E+P SSH library, stripped,
and reprobed with a cyclophitin probe. Hybridization signats

‘were detected by exnosing the filters o BiedyiAX MR- it

(Eastman Kodak Co.) in the presence of intensifying screens.
Several exposure times were used to ensure that the signals
from individua! hybridizations were in the incar rangs for the
fitm, Films were searmed using denstometry Molecular Dy
namics, Inc., Sunnyvele, CA), and quantitation was per-
formed using ImageQuant 1.1 software (Molecular Dynamics,
Inc.\. The fold induction of individual markers was determined
by notraalizing the quantitative dats 1o thal obtained fromn the
cyclophilin probe.

In St Hybridization

Paraffin-embedded sections (7 pum) from paraformalde-
hyde-fixed tissue were cut and mounted onto Probe-On
Plus-charged slides (Fisher Scientific. Pittsburgh, PA).
Sections were dspsraffinized, rebydrated, treated with
proteinass K20 ug/ml) for 15 min, postiixed in 4% para-
formaldehyde, and prehybridized for 1 h in hybridization
buffer [50% formamide, 5X standard saline citrate (SSC;
203 SSC = 3 12 Nall 0.3 & Nag; citrate, pH 7.0}, 10%
dextran sulfate, 5x Denhardt's solution; 7356 SOS, -and 106
19/mi denatured salmon sperm DNA] at 38 C. [a-3*PJUTP-
Labeled riboprobes for G.B7 and RbAp46 were transcribed
frem 7€4- and 429-bp fagments, respectively, isclated
fram the £+ SSH fibrary cloned mito pGEM-T Ezsy (Pro-
mega Corp.). The RbAp46 fragment corresponded to nu-
cleotides 1,279-1,708 of the full-length rat RbAp46 cDNA
{GenBank accession number AF090306). Hybridization
was performad at 42 C ovarnight in the presecce of 1 x 10%
cpmpd radiolebeted cRMA prebe. Coverslips were to-
moved in the presence of 4x SSC (55 C), and sections
were washed in 2x SSC/50% pB-mercaptosthanol for 20
min at room temperature and then digasted with BMAsz &
(40 pgfmi in 2x SSC) for 15 mwin at 37 C. Shingsney
washes were performed in 0.1 X SSC for 15 min at 42 C
and 0.1x SSC for 15 min at room temperature. Sections
were exposed to emulsion {Eastman Yodak Co.) for 3-5d
and then mounizd in Vectashield plus 4'.6-diamidino-2-
phenylindole medium {Vector Laboratories, inc., Burlin-
game, CA).
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